Derivation of Equation (2)
Equation (2) of the main article has the convective wave operator on LHS and the equivalent source terms on RHS by following the similar mathematical procedure to the Lighthill's acoustic analogy 1 . Our derivation starts from the governing equations of inviscid, irrotational and compressible flow.
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where / denotes the total derivative defined by / • , and is the entropy. Since we are interested in the perturbed quantities in physical variables, we divide each variable of the equations (S1)-(S3) into fluctuating and background variables as the following form:
, , , and . The fluctuating variables are assumed to be much smaller than the background variables, that is, ≪ , | | ≪ | |, ≪ , and ≪ . In addition, since the flow is assumed to be steady, the background variables are independent of time, that is, / 0, ∂ / and ∂s / 0 . Based on these assumptions, equations (S1)-(S3) are linearized and recast into the following six equations.
• 0.
Since the medium is assumed to be an ideal gas, the state equation is written as
where is the gas constant for air at standard temperature and pressure, and • denotes the equilibrium values of pressure, density and entropy. For the fluctuating variables, the state equation is given as ,
where is the speed of sound defined by / / , and denotes / 1 / . Equations (S7)-(S9) are rewritten by a set of two coupled equations in terms of ' and ' by using the equations (S10) and (S11)
The derivation of equations (S12) and (S13) can also be found in the precedent literature 2 . But they omitted the terms and • when deriving a wave equation because the terms are order of | | / , which is small enough in the range of 0.1. However, in this work, since we are also taking account of high subsonic regime, these terms are not negligible.
Using the identity of from the definition of speed of sound, • in the first term on RHS of equation (S12) is replaced by • / . By using equation (S5), / in the second term on RHS of equation (S13) is replaced by
• . Then we have the following equations,
To derive a convective wave equation only for ', we take the operators / on the both side of equation (S14) and • on the both side of equation (S15).
After using an identity of
where , and are the i-th components of , and for , 1,2,3, subtracting equation (S16) from equation (S17) and multiplying on both sides yield the following equations,
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